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(57)Abstract: 

PURPOSE: To provide a method for preventing crack and 
chipping of a cutting surface from occurring and to perform 
cutting to a desired shape and size with an improved yield 
when cutting gallium nitride compound semiconductor wafer 
with sapphire as a substrate into chips. 

CONSTITUTION: A first split groove 1 1 is formed in a line and 
in a desired chip shape on the nitride semiconductor surface of 
a wafer where a nitride semiconductor is laminated on a 
sapphire substrate 1, a second split groove 22 is newly formed 
in a line on the surface of the sapphire substrate 1 of the 
wafer at a position matching the line of the first split groove 
11, a line width W2 of the second split groove 22 is adjusted to 
be narrower than the line width Wl of the first split groove 11, 
and then the wafer is separated into chip shape groove the 
first split groove 1 1 and the second split groove 22. w i 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS ' 
[Claim(s)] 

[Claim 1] In the process which forms the first rate slot in the gallium nitride system compound semiconductor 
side of the wafer which carried out the laminating of the gallium nitride system compound semiconductor on 
silicon on sapphire in a desired chip configuration at a line, and the location which agrees with the line of said 
first rate slot While newly forming the second rate slot in the silicon-on-sapphire side of said wafer at a line 
The process which adjusts narrowly the line breadth (W2) of the second rate slot rather than the line breadth 
(W1) of said first rate slot, The manufacture approach of the gallium nitride system compound semiconductor 
chip characterized by providing the process which separates said wafer in the shape of a chip along said first 
rate slot and said second rate slot. 

[Claim 2] The manufacture approach of the gallium nitride system compound semiconductor chip according to 
claim 1 characterized by grinding the silicon-on-sapphire side of said wafer, and providing the process which 
adjusts the thickness of silicon on sapphire to 200 micrometers or less before forming said second rate slot. 
[Claim 3] The manufacture approach of the gallium nitride system compound semiconductor chip according to 
claim 1 which makes the second rate depth of flute deep, and is characterized by adjusting the distance of the 
pars basilaris ossis occipitalis of the first rate slot, and the pars basilaris ossis occipitalis of the second rate 
slot to 200 micrometers or less in the process which forms said second rate slot. 

[Claim 4] The manufacture approach of a gallium nitride system compound semiconductor chip given in any 1 
term of claim 1 characterized by forming said first rate slot by etching thru/or claim 3. 
[Claim 5] The manufacture approach of a gallium nitride system compound semiconductor chip given in any 1 
term of claim 1 characterized by forming said second rate slot by the scribe, claim 2, or claim 4. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] ~ 
[0001] 

[Industrial Application] This invention relates to the manufacture approach of the gallium nitride system 
compound semiconductor chip used for luminescence devices, such as blue, green or a red light emitting diode, 
and a laser diode, and the gallium nitride system compound semiconductor (it is hereafter indicated as a 
nitride semi-conductor.) especially expressed with general formula InXAIYGa1-X-YN (0<=X<1, 0<=Y<1) on 
silicon on sapphire is related with the approach of cutting the nitride semi-conductor wafer by which the 
laminating was carried out in the shape of a chip. 
[0002] 

[Description of the Prior Art] Generally the semiconductor chip which is a source of luminescence is prepared 
on the stem at luminescence devices, such as a light emitting diode and a laser diode. As an ingredient which 
constitutes a semiconductor chip, in the case of red, orange, yellow, and green diode, GaAs, GaAIAs, GaP, etc. 
are known, and if it is blue diode, ZnSe, InAIGaN, SiC, etc. are known. 

[0003] Conventionally, generally the dicer or the scriber is used for the equipment cut down for the chip for 
luminescence devices from the wafer with which the laminating of the semiconductor material was carried out. 
After a dicer carries out direct full cutting of the wafer or cuts the slot of width larger than edge-of-a-blade 
width deeply in rotation of the blade which is generally also called a dicing saw and uses the edge of a blade as 
a diamond (half cutting), it is equipment which breaks a wafer according to external force, a both-way 
rectilinear motion of the needle which uses a tip as a diamond as well as a scriber on the other hand — a 
scribe line (marking line) very thin to a wafer — for example, after lengthening in a grid pattern, it is equipment 
which breaks a wafer according to external force. 

[0004] For example, since there is cleavage in the <110> directions, the crystal of zinc structure which does 
not carry GaP, GaAs, etc. can be easily fractured in the shape of a chip by putting in a scribe line in this 
direction with a scriber using this property. 

[0005] However, generally, since the laminating of the nitride semi-conductor was carried out on silicon on 
sapphire, it was difficult for the wafer not to have the property top cleavage of a sapphire crystal called 
hexagonal system, but to cut with a scriber. the case where it cuts by the dicer on the other hand — also 
setting — a nitride semi-conductor wafer — said so-called hetero epitaxial structure which carried out the 
laminating of the nitride semi-conductor on sapphire as carried out — it is — lattice constant irregular ** — 
it was large, and since coefficient of thermal expansion also differed, there was a problem that a nitride semi- 
conductor tends to separate from silicon on sapphire. Furthermore, since Mohs hardness was about 9 and the 
very hard matter, it becomes easy to generate a crack and a chipping in a cutting plane, and both sapphire and 
a nitride semi-conductor were not able to be cut correctly. 
[0006] 

[Problem(s) to be Solved by the Invention] If a wafer can be correctly separated in the shape of a chip, 
without damaging the crystallinity of a nitride semi-conductor, a chip configuration can be made small, and 
since many chips are obtained from one wafer, productivity can be raised. Therefore, this invention was made 
in view of such a situation, the place made into the purpose is faced separating the nitride semi-conductor 
wafer which uses sapphire as a substrate in the shape of a chip, the crack of a cutting plane and generating of 
a chipping are prevented, a yield is good, and it is in offering the manufacture approach of a chip of obtaining a 
desired configuration and size. 
[0007] 

[Means for Solving the Problem] The manufacture approaches of the nitride semiconductor chip of this 
invention are the process which forms the first rate slot in the nitride semi-conductor side of the wafer which 
carried out the laminating of the nitride semi-conductor on silicon on sapphire in a desired chip configuration 
at a line, and the location which agrees with the line of said first rate slot. While newly forming the second rate 
slot in the silicon-on-sapphire side of said wafer at a line Rather than the line breadth (W1) of said first rate 
slot, it is characterized by providing the process which adjusts narrowly the line breadth (W2) of the second 
rate slot, and the process which separates said wafer in the shape of a chip along said first rate slot and said 
second rate slot. 

[0008] In the manufacture approach of this invention, in order to form the first rate slot, etching of wet 
etching, dry etching, etc. is used most preferably. It is because etching cannot damage a nitride semi- 
conductor front face and a side face most easily. If it is dry etching, technique, such as reactive ion etching, 
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ion milling, focusing beam etching, and ECR etching, can be used, for example, and if it is wet etching, the 
mixed acid of a sulfuric acid and a phosphoric acid can be used, for example. However, before etching, it 
cannot be overemphasized that the mask of a predetermined configuration is formed in a nitride semi- 
conductor front face so that it may become a desired chip configuration. Moreover, although the half cutting 
by dicing besides etching, a scribe, etc. may be used, dicing tends to damage physically the front face of a 
nitride semi-conductor, and a side face, requires stress for the interface of silicon on sapphire and a nitride 
semi-conductor layer, and is in the inclination for a nitride semi-conductor to tend to separate from silicon on 
sapphire, and since it is difficult for a scribe to form a rate slot larger than the second rate slot, it cannot be 
said that it is not much desirable. 

[0009] Next, in order to form the second rate slot in a silicon-on-sapphire side, technique, such as etching, 
dicing, and a scribe, can be used. Although especially the technique of forming the second rate slot is not 
asked at this process since the second rate slot is formed in a silicon-on-sapphire side and the edge of a 
blade, such as a dicer and a scriber, does not touch a direct nitride semi-conductor layer, a scribe is 
especially used preferably also in it. Because, a scribe tends to make line breadth of the second rate slot 
narrower than the line breadth of the first rate slot, and can form a rate slot quickly compared with etching. 
Furthermore, since there is little area which shaves off silicon on sapphire at the time of wafer cutting and it 
ends compared with dicing, there is an advantage that many chips are obtained from a single wafer. 
[0010] Moreover, before forming the second rate slot, it is desirable to grind a silicon-on-sapphire side and to 
make it thin. As for the thickness of the silicon on sapphire after polish, adjusting to 150 micrometers or less 
is still more preferably desirable 200 micrometers or less. Because, the thickness of the nitride semi- 
conductor with which the laminating of the thickness of silicon on sapphire was usually carried out 300-800 
micrometers and on it is occupied many and with dozens of micrometers, and, as for the nitride semi- 
conductor wafer, the most is occupied by the thickness of silicon on sapphire. And as described above, since 
the laminating of the nitride semi-conductor is carried out on the ingredient with which a lattice constant 
differs from coefficient of thermal expansion, it has the property which is very hard to cut. If the thickness of 
silicon on sapphire is too thick, in case the second rate slot will be formed behind and a wafer will be 
separated, it is in the inclination it is hard coming to break by the location which made the first rate slot and 
the second rate slot agree. That is, although it is most desirable that a wafer is separable in the shape of a 
chip in the location Chuo Line, the first rate groove line, and whose Chuo Line, the second rate groove line, 
corresponded as shown in the broken line of a of drawing 1 When the thickness of a wafer is too thick, it 
becomes slanting and the location breaks, as similarly shown in the broken line of c of drawing 1 , it is cut to a 
p-n junction interface, and is in the inclination whichis [ chip-] easy to beized in the target configuration. 
Therefore, a wafer can be made further easy to separate in the chip configuration made into the agreement 
location of said rate slot, i.e., the purpose, by grinding silicon on sapphire to said within the limits, and making it 
thin. Although especially the lower limit of the thickness of a substrate does not ask, since the wafer itself will 
become easy to break during polish if it is made not much thin, as a practical value, 50 micrometers or more 
are desirable. 

[001 1] Moreover, as grind a substrate, and it is made thin and also it is shown in drawing 2 , by forming the 
second rate slot 22 in silicon on sapphire 1 deeply by technique, such as etching and dicing, thickness of 
silicon on sapphire 1 may be partially made thin, and cutting distance with the first rate slot 1 1 may be 
shortened. 
[0012] 

[Function] An operation of the manufacture approach of this invention is explained based on a drawing. 
Piawing.1 thru/or drawing .4 are drawings explaining one process of the manufacture approach of this 
invention. Drawing 1 is the type section Fig. of the wafer which carried out the laminating of n mold nitride 
semi-conductor layer 2 (n type layer) and the p mold nitride semi-conductor layer 3 (p type layer) on silicon 
on sapphire 1. The condition of having formed the first rate slot 1 1 in the line, and having formed the second 
rate slot 22 still narrower than the line breadth of the first rate slot 1 1 on the line breadth in the location 
which is in agreement with Chuo Line, the line of the first rate slot 11, is shown so that it may become a 
predetermined chip configuration at those nitride semi-conductor layer side. However, in this drawing, the first 
rate slot etches p type layer 3. it forms it so that n type layer 2 may be exposed, and the second rate slot is 
formed by the scribe. As a broken line b shows, even if it is most desirable that it can cut straightly at the 
point whose Chuo Line of the first rate slot 11 and the second rate slot 22 corresponded, i.e.. the location 
shown with a broken line a, as for a wafer as shown in drawing 1 , but a cutting plane line bends Since the line 
breadth W1 of the first rate slot 1 1 is formed more widely than the line breadth W2 of the second rate slot 22, 
a cutting location does not attain to even a p-n junction interface, and a poor chip does not come out. 
[0013] Drawing 2 forms the second rate slot 22 by etching or dicing, and shows the condition of having carried 
out half cutting of the silicon on sapphire 1. In this drawing, it can break by the location Chuo Line of the first 
rate slot and whose Chuo Line of the second rate slot corresponded straightly by making the depth of the 
second rate slot 22 deep, and shortening cutting distance with the first rate slot 

[0014] Although drawing 3 shows the condition of having made deep the etching depth of the first rate slot 11, 
it can also cut this drawing straightly in the location whose rate slot corresponded by shortening cutting 
distance of the first rate slot 1 1 and the second rate slot 22 as well as drawing 2 . Thus, in case a rate slot is 
formed deeply and a chip is separated, it is desirable to make thickness of silicon on sapphire 1 thin, using 
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distance of the pars basilaris ossis occipitalis of the rate slot 11 and a pars basilaris ossis occipitalis with the 
rate slot 22 as 200 micrometers or less, and straight cutting can be carried out by making thickness of silicon 
on sapphire 1 thin partially in the location where both the rates slot agreed. In addition, although 
************ before grinding (when grinding by the thickness of 200 micrometers or more) also after grinding 
silicon on sapphire, it is difficult to form the rate slot 22 deeply to make the depth deep by the scribe. 
[0015] Thus, although cutting distance is shortened and he is trying to be straightly divided in drawing 2 and 
drawing 3 by making deep the depth of the first rate slot 11, and the depth of the second rate slot 22, silicon 
on sapphire 1 can be ground as mentioned above, and having formed the second rate slot 22 by the scribe like 
the thickness of 200 micrometers or less, then drawing 1 can also divide almost straightly. In addition, if a 
substrate is ground and it adjusts to 200 micrometers or less, it cannot be overemphasized that it is not 
necessary to make the second rate depth of flute deep. 

[001 6] Drawing 4 is the top view which saw the wafer shown in drawing 1 from the nitride semi— conductor 
layer side, and while it shows the configuration of the first rate slot 1 1 , it also shows the chip configuration. In 
this drawing, it can etch with the line breadth in which the electrode of n layers can form p type layer 3 
beforehand, and the first rate slot 1 1 can be formed, the corner of p type layer 3 is further made into the 
configuration which cut to the halFarc and was lacked, it can cut and the electrode of n layers can be formed 
in this lacked part. 

[0017] Thus, by the approach of this invention, since line breadth W1 of the first rate slot 1 1 is made larger 
than the line breadth W2 of the second rate slot 22, even when a cutting plane line becomes slanting 
temporarily and a wafer is cut, a cutting plane cannot enter to a p-n junction interface, a poor chip cannot 
come out, and much chips can be obtained from one wafer. And it is correctly separable in the cutting location 
considered as a request by grinding the silicon on sapphire of a wafer still more preferably, or making the 
second rate depth of flute deep. 
[0018] 

[Example] The wafer which carried out 1 -micrometer laminating of 5 micrometers and the p mold GaN layer 
for the n mold GaN layer to order is prepared on the silicon on sapphire of 400 micrometers in [example 1] 
thickness, and magnitude [ of 2 inches ] phi. 

[0019] Next, on this p mold GaN layer, after covering the mask which consists of Si02 with a photolithography 
technique, etching is performed and the first rate slot is formed in the configuration shown in drawing 4 m 
However, the first rate depth of flute sets to about 2 micrometers, and is taken as the line breadth (W1) of 80 
micrometers, and 350-micrometer pitch. The line breadth of this first rate slot and a pitch are shown in 
drawing 4 . 

[0020] After forming the first rate slot as mentioned above, the silicon-on-sapphire side of a wafer is ground 
by the burnisher, and a substrate is wrapped, and reaches and carries out polishing to the thickness of 80 
micrometers. A substrate front face is made into mirror plane homogeneity by polishing, and it carries out as 
[ check / easily / from a silicon-on-sapphire side / the first rate slot ]. 

[0021] Next, adhesive tape is stuck on a p mold GaN layer side, a wafer is stuck on the table of a scriber. and 
it fixes by the vacuum chuck. A table is movable in the X-axis (right and left) and the direction of a Y-axis 
(before or after), and has pivotable structure. The scribe of the silicon on sapphire is carried out once to X 
shaft orientations by the diamond stylus of a scriber after immobilization with 350-micrometer pitch, a depth 
of 5 micrometers, and the line breadth of 5 micrometers. 90 degrees is rotated and the scribe of the table is 
shortly carried out like Y shaft orientations. Thus, a scribe line is put in so that it may become the chip of 
350-micrometer angle, and the second rate slot is formed. However, let the location which forms the second 
rate slot be the location which was in agreement with Chuo Line, the line of said first rate slot. 
[0022] Much chips of 350-micrometer angle were obtained from the wafer of 2 inch phi by releasing a vacuum 
chuck after a scribe, removing a wafer from a table, and pressing down with a roller lightly from a silicon-on- 
sapphire side. When what a crack, a chipping, etc. do not occur in the cutting plane of a chip, and does not 
have a poor appearance was taken out, the yield was 98% or more. 

[0023] In the process which grinds the silicon on sapphire of the [example 2] example 1, when thickness of 
silicon on sapphire was set to 150 micrometers and also the chip of 350-micrometer angle was obtained 
similarly, the yield was 95% or more. 

[0024] In the process which grinds the silicon on sapphire of the [example 3] example 1, when thickness of 
silicon on sapphire was set to 200 micrometers and also the chip of 350-micrometer angle was obtained 
similarly, the yield was 90% or more. 

[0025] In the process which forms the second rate slot of the [example 4] example 1, when used the dicer 
instead of the scriber, similarly carried out half cutting in 350-micrometer pitch the line breadth of 20 
micrometers, and a depth of 10 micrometers, and the second rate slot was formed and also the chip of 350- 
micrometer angle was obtained similarly, similarly the yield was 98% or more. 

[0026] In the [example 5] example 1, after forming the first rate slot, when set the wafer to the dicer, without 
grinding silicon on sapphire, .carried out the dicing of the silicon-on-sapphire side in the line breadth of 20 
micrometers, and a depth of 300 micrometers, and it formed the second rate slot and also the chip of 350- 
micrometer angle was obtained similarly, the yield was 95% or more. 
[0027] 

[Effect of the Invention] As explained above, according to the approach of this invention, by technique, such 
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as a scribe, a dicer, and laser, the nitride semi-conductor wafer which does not have cleavage can also be 
correctly cut with a sufficient yield, and its productivity improves. Moreover, an electrode can also be formed 
in the front face of the first rate slot, if the first rate slot is formed as shown in drawing 1 . 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The type section Fig. explaining one process of the manufacture approach of this invention. 
[Drawing 2] The type section Fig. explaining one process of the manufacture approach of this invention. 
[Drawing 3] The type section Fig. explaining one process of the manufacture approach of this invention. 
[Q.rawjng 4] The top view explaining one process of the manufacture approach of this invention. 
[Description of Notations] 

1 .... Silicon on sapphire 

2 .... n type layer 

3 .... p type layer 

1 1 ... First rate slot 
22 ... Second rate slot 

[Translation done.] 
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«O'9-7 71'7»KOW«tt2 0 0/xmWT» *6K» 
lfb»^Wf*7xM-(i, ^7 7^7S«©Ji 



<D^i^m<o±.icmttix^rc^ m KmL 

«RE. *-©»»>««:, Sgr©fj9iifc*£ite-£fcti 
HT*fiJ0tC< < ^5iS(qJtc355o 0, 01©a©« 
»c^tcfcdK> ^-©fJ5ji^©*^t, fl£i©ffl 10 

ftmv*z>ctmm$iwx*3bz>i)\ 7xa-© 

JJ£iWfT^5^ ^©{ultf, [B| C < H 1 co c co^li 

ISr^ftT, gttfcba^«ttT?*«y7fcsnw*Hfii 
»«:*«. MoT, +T77^7S«£Mf2t55Hrt(i:8fSb 

Tm<tz>ctic£i)s mimm<D£&m. oso 

<t5Cfc*n?t5c »KOJS*OTHfltt1$tHfc4 

<^#, *t D9<tst»f«tf't'>xA-ift^fjni 20 

[00 1 1] Sfc»K*Bf*LT»<t5flUi:, 02K 

^©?£tC<fcoT, ■9-7r-r7fflRllCj9!<»jSt« 

T, 1 1 t©«Krai*S< bTtiK 

[00 12] 

5„ 0 1 ft^LH 4 tt*38MOHJIKra©-ie*KIH 30 
t50T*$S o Hltttf7 7-<7S«l©±lCnI!S{b 
1fc¥9fM2 (nil) i:, p££ftftMH»ftll3 (p 

&©2fMM^ttlMlfc:ttffi£©?-y TTBttfcfc* J: S 

-©«•)» l l ©»*£*> R^«*©3£:©tiJ!>»2 2 
«-©«»>» l 1 ©lt©«W«ii:-a**tt»C£ 
j«Lfctt»**bT^*. fib, u©@r*{i, SB-OM 
!>»H:pSl3*xyf->yLT, nSl2*gfflt5 

1 1 fcg!-©fiJ0ii2 2©i*iJ«W«-SUfcjS, OS*) 
m a T'SVffiZiT* t o t CfcttK* * 5 C t fl« » 
S {gfcfi&lit b T**f J: 9 tc^JWria^fl^o X 
fe, SB-CUD »1 l©g!fiWl£, g-©fj»3^2 2 
0«HW2J:»)fcj£<»j8LTa&*fcik flSifiitfp 
- n jg£^S£ * URtf "f , v -pf&ffT'Z C t m 

[0 0 13] @2tt^Z©*iJD«2 2*X-y^>^ $ 
rclt^i/y^'lC^mi. *77'T7«S1*^- 50 



^2 7 80 6 1 8 
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7*7 h bfclflifc^blVS. COHTHHrotJO 

jg2 z<omm< LXs %-vm>)®t<D®mm 
m<tzctic*t), %-ommoWimts %-<o 

f J t) «©**£ t bfcffiBT'S o t <*tcf J5 <: t 

tfT'f 5 0 

[00 1 4] 03tim-©|IJt)j8l l©X>y^>y^ 
ZU< \,1t9m&K\,TV*ifis C©HfcH2i:Wi;< 

»-©«?> »i it, %-<Dm*)M22t<Dmm* 
mtzctKM, mmtf-%.irzmx*z?t<- 
tcwmzztff-ezso coi 5 leu 

LT*y7 , «HI**IKfca:, tWitl 1 ©£$£, ffj 
t)»2 2t<D&$t<Dmm*2 0 0 iim&LTtlX, V 
77<f7Wfi.l<Dm2ZM<t5CttWtZL<, ?7 

7 47Wfc\mi£*mmm<tmtfc&*). m 

tJ01*^abfcfilT^o-r<*«»rT'f 5c fJ 
2 ^SK^fitr 3 ©«, *77-f7«K*Bf*L 
fcft (2 0 0/tm«±OJP*-eW«t5«^) T?fe, Bf 
StStd^fe^ftoftl/^ 7n^7'<71c<J:oT^©^ 

[0 0 15] C©J:9lC02, 03 ■?«£-©#] *)»1 
1©$?, ^-©»J»3!t2 2©glJ^jf<-r5i:fc{cJ: 

it\im<oi.r>\z^77'<7W&\mmhx, 20 

0 /i mttTOJSS t tnif, 0 1 ©cfc 9 fc»z:©ffl (3 jf 
2 2***5-f 7"ffl»*Lfc«ttT*, StfS ot<'£ 
MSCfctfTftS. 4fcSfi?r^bT2 0 0 ; imOT 

[o 0 1 6 ] 0 4 0 1 ts-r"7x/N-*aft**» 
& sfcTffiH-e*?), »-o*]o»i i©)g« 

x-yf-y^bT, ^-©fjfjjgl l^r^b, *P.lCp 

[0 0 17] C©±5t, *»B©2fSm »-©« 
011 1©IHIW1«, ^r©fJ0)t2 2©^*iW2J: 
0feJ£<bT^*©"P, fit^SrlSA^ftfcftoTfx 
A-A^Hf^nfc^T't,, p-n«^Wffi$T««fBi 
*«A6f^v^pa*<W*Ci:*«ft<, -ft©7xn- 
frt>$mi-v7**mctffXZZ a ^bT, 
W$b<7xA-(0-9-7ri'7S«^fi)fet5*\ Sfc 

i*fliz:©iij 0 ?•©»**»< t set mit-r 

5 WfilT'IESItC^gtt 5 C i: ^T* # 5c 
[00 18] 

[*ttM [UttMl] 

Jf^4 00/im, *t ?2-f >f-0©^7 7"l'7S«© 
±tC)i(C n 3HG a NH* 5 |imt pSGaNSt^l 
/im«lbfc7xA-^ffljit5o 



(4) 



[00 1 9] *KC© pUG a NJf©±tC, 7*HJV 

«MW*. flU »-OfJ9JlO»*tt*J:*2fiiii 
fcU H<§ (Wl) 8 0 ;im, 3 5 0fim£y?-fc1- 
5o C OS-Oil OJB©**, t?>y^*04£*bT</> 

[0 0 2 0] «±OJ:dKbTv S-0tJ»>ai*»J8b 

tr, s«*8 o iLmmz\z?v vyt, **tf#y io 

[002 1] p^Q a Nl»cft«r-7*fl!itt 

St2gf-t7»T'H^tSo T-7>ttX«i (££) , Y 

fcftoTl^S. S£& 7*7^/*-©2^**:/F«- 
T\ ?77-f7S«*Xffl£fa£3 5 0ftmtf-y?% $ 
*5;nn, IWB5fimTf-l3X*5'r7*t*. 20 
*9 0' @<E**T^fittYHWlRlk:BWKLTX*7 
Y7t£>o <:©<}: -McbT3 5 0/imft©f-y7K:&5 

j^^^w-r^Atu srofjfjjf^figt 

©«&»©«©**«l:-SLfcti«fc-j-*. 
[0 0 2 2] 7*5l'7& JH!^*y>«ll»U f 
x/N-*r-7*;Wp6«t«»)» *77^7«R«*»6 
m<u-7-X'WZ*.%Ct\M. 2^>^0O7x 
M-frP, 3 5 0 /imft©f->y7££&»fCo ^•vT'O^ 
Bffffifc??^ f-ytfy^*mtT«e>f> 30 
^10»^0%ffi0fc*bfct<:5x *Stt9 8%ttx 

[0 0 2 3] [H»J2] 

HS8tf!llO-9-7r'r7Sfi%9f«-rsiSKfci/''T, 
77^7S|g©Ji£2£l 5 0iimttZ>mit®miCL 

[0 0 2 4] [HJS0IJ3] 

77'f7Sfi©JP*%2 0 0/tmfr5fflai^«ltb 40 
T, 3 5 0nmft©^y7**»fci:C5, $S«9 0% 
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[0025] bum 4] 

7-M-©ttb»>li:*>rtf-*ffllf\ MR 2 Op ok if 
£ 1 0/im, WC< 3 5 0/imtf-y^T*/N-7*-y hb 
T»H©iJt)jll**lSt*fl!lH:BI«fcbT, 3 5 0/tm 
ft©*v7 , *»fci:<:3, WU<*fitt9 8%tt±T* 

[0026] [mm\5] 

^77^7gM£H*g2 0/im, if £ 3 0 0 /i mT'T* 
-f'»^LTSBi:©l"Jt)«*«*StSfl!ll4H»lcbT, 
3 5 0 \i m^O^ -y 7**»fc t C 5, £gtt 9 5 %tt± 

[002 7] 

B6W©««] *saB©Wfr.3ffU 7 A3ft**MW»tt* 
?7©Bar?rafcL ^MttO^jtZZdlZSjSiL 

7xa-t^ot. /hga^<»7«icWKi-a©iWi» 
liLklMli 7A£{k*^gjtt7xn--». fito 

[El©ffi**8iB^] 

[0 1 ] *m<Dmm<D-xmmmtz®m 



[02] mwmmm-mmwtzmim 

B0„ 

[03] *IBfi©IBfiStt©-Ii*KWr*«K»r 
ffi0„ 

[04] *m<amm^imKmtz*m 



1 • 

2 • 

3 • 

1 1 

2 2 



U-77^7«fi 
*-©«!> ill 

Sgr©iij9i?t 
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6 0 li m 
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